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Abstract
Background-Among patients with independent evidence of coronary disease and recent onset unstable angina or non-Q wave myocardial infarction the incidence of subsequent cardiovascular events is high. Markers predictive of adverse cardiac outcome in unstable angina and non-Q wave myocardial infarction need to be defined more accurately. Endothelin-1 is a potent endothelium derived vasoconstrictor peptide that may play a part in the pathophysiology of acute myocardial ischaemia. Aim and study design-In a study that specifically identified high risk patients a group of 16 consecutive patients with either unstable angina at rest or non-Q wave myocardial infarction were prospectively investigated to establish whether these conditions are associated with high plasma immunoreactive endothelin and whether endothelin concentration at presentation is related to cardiovascular events within the next 12 weeks. Controls consisted of a group of 40 healthy subjects. Results-Patients had significantly higher mean (SD) plasma endothelin at presentation than did healthy controls (7.4 (1.1) v 5 0 (1.2) pglml, P < 0.0001).
At nine weeks plasma endothelin was still significantly higher in those patients who had subsequent cardiovascular events, (n = 9, acute myocardial infarction or refractory angina with electrocardiographic changes and revascularisation procedures, 8 5 (2.6) pg/ml, P < 0 005 v controls) whereas its concentration returned to normal in those patients who had a favourable outcome (n = 7, 5.9 (0.7) pglml). Compared with those patients who had an uneventful course, patients with subsequent events had significantly higher plasma endothelin, both at presentation and at nine weeks (P < 0 05 on both occasions).
Implications-Endothelin may contribute to the pathophysiology of acute coronary syndromes and may relate to subsequent cardiovascular outcome.
(Br HeartJ_ 1994;72:436-441)
Patients presenting with recent onset unstable angina or non-Q wave myocardial infarction constitute a group that is at high risk of progression to further myocardial infarction or sudden death.' These patients have not been shown to benefit from thrombolysis,' and a proportion of them fail to stabilise on antianginal treatment and aspirin and may experience recurrent episodes of myocardial ischaemia prompting revascularisation.' In the antithrombotic therapy in acute coronary syndromes (ATACS) study there was no difference in the cardiovascular outcome at three months after presentation between the group with unstable angina and that with non-Q wave infarction.3 The search continues for reliable markers to facilitate early identification of those patients with acute coronary syndromes who are at a high risk of developing subsequent cardiovascular events, in whom early intervention may be indicated.
Intracoronary thrombosis as a result of a disrupted atherosclerotic plaque is regarded as the pivotal mechanism in acute coronary syndromes and the angiographic and pathological findings are not dissimilar in unstable angina and non-Q wave infarction.6 Clinically, the two diagnoses may not be distinguishable at presentation and both are associated with the release of sensitive markers of cardiac muscle injury, such as troponin T.7 Abnormalities of haemostasis8-'0 and increased coronary reactivity to constrictor stimuli"' have been suggested as possible pathogenetic factors in acute coronary syndromes. Previous studies have shown the importance of activation of platelets and of the coagulation system in the pathophysiological mechanism of acute myocardial ischaemia,8-'0 whereas the role of endogenous vasoconstrictor substances has so far received less attention.
Endothelin Plasma immunoreactive endothelin was measured by radioimmunoassay. SepPak C 18 silica columns (Waters Associates, Milford, MA, USA) were equilibrated by washing with methanol (5 ml), distilled water (5 ml), and then 4% acetic acid (5 ml). Each 2 ml plasma sample was diluted with 3 ml of 4% acetic acid and loaded on to a column; these were washed with 25% ethanol (3 ml), and eluted with 4% acetic acid in 86% ethanol (2 x 1 ml). The eluates were evaporated under nitrogen in a water bath at 37°C, and reconstituted in borate buffer of pH 8-4 (2 ml). Duplicate extracted samples and standards containing 1 to 48 pg/ml of endothelin-1 (each 200 pl) were incubated with rabbit polyclonal antibody raised against endothelin-I (ITS Production BV, Wijchen, The Netherlands; in 100 ,ul distilled water) and 12'I-endothelin-1 (ITS; in 100 pul distilled water). After vortexing, tubes were incubated for 18 h at 4°C. Donkey antirabbit y globulin bound on solid phase (ITS; 100pl) was added to all tubes, except those for total counts, and the tubes were incubated for 30 min at room temperature. The amount of radioactivity in the antibody bound fraction was determined by y counting for 2 min. The recovery of added endothelin-I was 84%. Within and between assay coefficients of variation were 2 4% (n = 6) and 4 2% (n = 5). The sensitivity of this assay was 1 pg/ml endothelin. Cross reactivity of the assay with endothelin-1, endothelin-2, endothelin-3, and proendothelin-1 was 100%, 52%, 96%, and 7%.
STATISTICAL ANALYSIS
Initial statistical analyses were performed on the whole group of patients with unstable angina and non-Q wave infarction (primary analysis, n = 16). Subsequent more detailed comparisons were carried out separately for the two diagnostic categories (subsidiary analysis: unstable angina, n = 10, and non-Q wave myocardial infarction, n = 6).
Statistical analyses were performed with Minitab statistical software (Minitab, Release 7). All values are expressed as mean (SD). Individual comparisons between groups were carried out with unpaired t test. Categorical data were analysed by x2 test, with Yates' correction, when appropriate. Correlation coefficients were calculated" with Pearson's test. Two tailed tests were performed and P values < 0-05 were considered to be significant.
Results

STUDY PATIEENTS
The table shows the main characteristics of the 16 patients. None was hypertensive at the time of the study. Coronary artery disease was verified in all patients by at least one of the criteria: electrocardiographic changes on admission (ST segment depression or elevation or T wave inversion, n = 14 (88%)), cardiac catheterisation performed during the 12 weeks of follow up or before admission (n = 8 (50%)) and a history of myocardial infarction (n = 7 (44%)). At presentation all patients were in Killip class I, and at nine weeks all patients but one were free of left ventricular failure. In the primary analysis of all 16 patients with acute coronary syndromes, nine (56%) patients had cardiovascular events during 12 weeks of follow up, whereas seven patients remained event free or had only mild angina. The cardiac events were as follows: four patients had episodes of refractory angina with electrocardiographic changes despite maximal medical treatment, one developed acute Q wave myocardial infarction, and four underwent surgical revascularisation on account of evidence of continuing ischaemia (three coronary artery bypass grafting (CABG) and one percutaneous transluminal coronary angioplasty (PTCA)). In none of the cases did a myocardial infarction or a revascularisation take place within four weeks of the nine week sample being taken. Of the four patients with episodes of refractory pain one patient refused angiography, two had inoperable coronary artery disease, and in one the clinical symptoms resolved and he did not proceed to angiography during the study period.
Subsidiary analysis showed that the subsequent event rate among patients with unstable angina was six of 10 (three CABG, one PTCA, two angina with electrocardiographic changes), whereas three of six patients with subendocardial infarction had subsequent events (one myocardial infarction, two angina with electrocardiographic changes). The event rate at 12 weeks did not differ between unstable angina and non-Q wave infarction groups (X2 = 0-15, P = NS). , fig 2) . One of the patients had signs and symptoms of mild left ventricular failure nine weeks after presentation, but the exclusion of this patient did not affect the results from the nine week analysis. In the analysis based on diagnosis patients with unstable angina (7-9 (0-9) pg/ml) and those with non-Q wave myocardial infarction (68 (1 1) pg/ml) had significantly higher endothelin concentrations at presentation than healthy controls (P < 0'000 1 and P < 0-01). There was a small but significant difference in endothelin concentrations at presentation between patients who presented with unstable angina and those who presented with a subendocardial infarction (7-9 (0'9) v 6'8 (1 1) pg/ml, P < 0'05). At nine weeks, endothelin remained higher both in the unstable angina (7'8 (2-5) pg/ml) and the non-Q wave infarction groups (7-3 (2'5) pg/ml) than in the control population (P = 0'0002 and P < 0'005). At nine weeks there was no difference in the endothelin concentrations between patients who initially presented with either unstable angina or subendocardial infarction.
All comparisons between patients and controls were subsequently repeated with the age matched control group (n = 1 1). None of the conclusions were altered nor were the measures of significance abrogated by this analysis.
In view of the highly significant P values obtained for the above comparisons, the differences remained significant even after adjustments for multiple comparisons. Comparison of patients with and without events was performed only once at each of the analysed time points and in this instance the results were of borderline significance (P = 0-042 at presentation and P = 0'018 at nine weeks).
CORRELATION WITH CLINICAL CHARACTERISTICS
There was no difference in endothelin concentrations on admission between smokers, non-smokers, and ex-smokers (7 3 (1 1) v 7S8
(1 -0) pg/ml) or between patients who received heparin and -those who did not (7-8 (0 9) v 7'0 (1'2) pg/ml). Endothelin concentrations did not differ between men and women (7'3 (1 1) v 8'1 (0 8) pg/ml). There was no correlation between endothelin concentrations and age, either in the patients (r = 0'23, P = 0-38) or in the controls (r = 0'06, P = 0'72). We showed no correlation between endothelin concentrations and either systolic (r = 0-38, P = 0'14) or diastolic blood pressure (r = 0-07, P = 0'8) or the number of involved coronary arteries, as found by coronary angiography (r = 0'03, P = 0'94).
Discussion
This is the first prospective investigation of the relation between plasma endothelin and cardiovascular outcome in acute coronary syndromes. We have shown a persistent increase of plasma immunoreactive endothelin, lasting for at least nine weeks after admission, in a group of high risk patients presenting with unstable angina or non-Q wave myocardial infarction. Also, we have shown an association between endothelin concentrations at presentation and subsequent cardiovascular outcome.
Previous studies of endothelin in acute myocardial infarction have reported an early rise in plasma endothelin, with a subsequent progressive fall to normal values, completed within 3-14 days of the infarct.'4 [18] [19] [20] Our results, which show that unstable angina and non-Q wave myocardial infarction are associated with high circulating endothelin at presentation, are consistent with those previous findings. Persistently increased circulating endothelin, present only in those patients who developed subsequent cardiovascular events, has not previously been reported.
There patients with unstable angina, Qiu et al reported that endothelin concentrations were high at presentation compared with healthy controls, and decreased progressively to normal at six hours. '6 In their study, the size of the initial increase of endothelin concentration in unstable angina was comparable with that found in 29 patients with acute myocardial infarction.
None of the previous studies of endothelin in acute coronary syndromes has provided cardiac outcome data. In our high risk population (56% event rate at 12 weeks) we have shown that endothelin concentrations at presentation may relate to subsequent cardiac events. The event rate in our population was higher than that usually described for unstable angina. It is conceivable that the populations studied by Ray et al and Stewart et al were of relatively lower risk and this may explain why they had no evidence of increased endothelins at the time of presentation. It is not clear, however, why in our study patients with unstable angina tended to have higher endothelin concentration at presentation than the non-Q wave infarction group. Qiu et al also reported a different time course of the increase in endothelins in unstable angina and myocardial infarction: in unstable angina the concentrations decreased progressively to normal values by six hours, whereas in myocardial infarction there was a further increase at 6 h, then a decrease at 12 hours. In the absence of multiple endothelin measurements, we cannot speculate as to whether different dynamics of the endothelin rise could have contributed to the reported differences in endothelin concentrations in our patients. It has also to be considered whether these differences could have been related to more extensive use of heparin in our patients with unstable angina than in those who presented with subendocardial infarction. Although the evidence of an effect of heparin on the generation of endothelins is limited, heparin induced inhibition rather than stimulation of endothelin-1 expression and production by cultured endothelial cells has been reported. 23 In view of these findings, the pattern of heparin use would, if anything, tend to diminish the observed differences in endothelin concentrations between patients with unstable angina and non-Q wave infarction in our population.
In agreement with previous studies'5 16 we did not show a correlation between endothelin concentrations and common clinical characteristics, including age, systolic and diastolic blood pressure, smoking, and the extent of coronary artery disease.
We cannot differentiate which specific endothelin isoforms contribute to the rise in total plasma immunoreactivity in the studied population, because our assay cross reacts substantially with all three isoforms. As endothelin-2 is usually undetectable in plasma23 this isoform is unlikely to~constitute a large proportion of total immunoreactivity. Thus endothelin-1 and/or endothelin-3 may have contributed to the rise in circulating endothelin. Proendothelin-1 also cross reacts with our antibody, although only to a minor degree (7%), and is unlikely to have accounted -,for the rise in endothelin immunoreactivity.
Both increased generation and decreased clearance of endothelin could have caused the rise in plasma concentrations in patients with coronary syndromes. Plasma creatinine remained normal in all these patients, however, and thus increased generation seems more likely to have accounted for the rise. There is evidence from experimental studies that endothelin production is enhanced by shear stress, impaired release of nitric oxide, and physiological stress.2426 Both thrombin and transforming growth factor-fl are also known to stimulate endothelin production in cell culture. 
